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ME 352 - Machine Design I Name of Student:______________________________ 
 

Summer Semester 2012 Lab Section Number:__________________________ 
 

FINAL EXAM.  OPEN BOOK AND CLOSED NOTES.                        Thursday, August 2nd, 2012 
 

Please show all your work for your solutions on the blank paper. Write on one side of the paper 
only, not on the exam. Credit will be given for a clear presentation and good figures and diagrams.  
 

Problem 1 (25 Points). For the mechanism in the position shown in Figure 1, link 2 is G2G3 = 1 m, the 
distances G3D = 1.3 m, G2G4 = 1.6 m, G4E = 0.4 m, EOC = 0.7 m, and the kinematic coefficients are: 
 

XG3' 
(m/rad) 

YG3' 
(m/rad) 

XG4' 
(m/rad) 

YG4' 
(m/rad) 

XG3" 
(m/rad2) 

YG3" 
(m/rad2) 

XG4" 
(m/rad2) 

YG4" 
(m/rad2) 

- 0.500 + 0.866 - 0.500 0 - 0.866 - 0.500 - 0.866 0 
 

The angular velocity and acceleration of the input link 2 are 2 20k rad/s   and 2
2 10 k rad/s ,   

respectively. The free length and spring stiffness of the linear spring are 0.5 m and 10 N/m, respectively. 
The damping constant C = 20 N-s/m. The masses and mass moments of inertia of links 2, 3, and 4 are:  
 

m2 (kg) m3 (kg) m4 (kg) IG2 (kg-m2) IG3 (kg-m2) IG4 (kg-m2) 

10 3 40 30 5 100 
 

If gravity acts in the negative Y-direction and friction in the mechanism can be neglected, determine:   
(i) The first-order kinematic coefficients of the linear spring and the viscous damper.  
(ii) The kinetic energy of the mechanism. 
(iii) Using the equation of motion, determine the magnitude and the direction of the torque 12T .  
 

 
 

Figure 1. A planar mechanism. 
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Problem 2 (25 points). For the linkage shown in Figure 2, link 2 is rigidly fixed to the ground (at point 
A) and pinned to the horizontal link 3 at point B where AB = 2.5 m. The length of link 3 is DH = 3 m 
where DB = BH = 1.5 m. Link 4 is pinned to link 3 at point H and the mass of link 4 is 200 kg. The 
vertical link 5 is pinned to link 3 at point D and to the ground at point O5.  

The vertical link 2 has a solid circular cross-section with diameter 2d 25 mm,  a compressive yield 

strength 370 MPa,ycS   and a modulus of elasticity E 205 GPa.  Also, for link 2, the factor of safety 

guarding against buckling is N = 2.5 and the end-condition constant C = 2. Note that gravity is acting 
vertically downward and links 2, 3, and 5 are assumed to be massless compared to link 4.   
(i) For link 2, determine: (a) the slenderness ratio; and (b) the slenderness ratio at the point of tangency 
between the Euler column formula and the Johnson parabolic equation.  
(ii) Determine the critical unit load acting on link 2.         
(iii) If the diameter of link 2 is increased to 2d 90 mm  then is link 2 an Euler column or a Johnson 

column? Clearly show all your calculations to justify your answer.  
 
 
 
 

 
 
 
 
 

Figure 2. A planar linkage. 
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Problem 3 (25 points). 
Part I. The shaft shown in Figure 3(a) is rotating counterclockwise with an angular velocity ω  and is 
simply supported by the bearings at B and D. Flywheel 1 at location A weighs 40 N, flywheel 2 at 
location C weighs 70 N, and the weight of the shaft can be neglected. The stiffness coefficients of the 
shaft are measured as 6

11k 1.0 10 N/m,   6
12k 6.0 10 N/m,   and 6

22k 4.0 10 N/m.    

For the shaft, determine: (i) the first and second critical speeds using the exact equation; and (ii) the 
first critical speed using: (a) the Rayleigh-Ritz method; and (b) the Dunkerley approximation. 
 

 
 

Figure 3(a). A rotating shaft simply supported at B and D. 
 

Part II. Three mass particles are fixed to a simply supported rotating shaft as shown in Figure 3(b). The 
angular velocity of the shaft is ω 15 rad/s  counterclockwise. The masses of the particles are m1 = 3 kg, 
m2 = 1 kg, and m3 = 2 kg and the radial distances are R1 = 15 mm, R2 = 35 mm, and R3 = 20 mm. The 
axial distances are a = 50 mm, b = 215 mm, c = 275 mm, d = 100 mm, e = 150 mm, and f = 125 mm. 
(i) Determine the magnitudes and the directions of the bearing reaction forces at A and B.  
(ii) Using the analytical method, determine the magnitudes and locations of the correcting masses that 
must be added in the two correcting planes (1) and (2) to dynamically balance the system. The 
correcting masses are to be placed at a radial distance RC = 25 mm from the shaft axis. 
 

 
 

Figure 3(b). Three mass particles fixed to a rotating shaft. 
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Problem 4 (25 Points). Consider the two-cylinder engine shown in Figure 4. The effective masses of 
the pistons are 1 2m m m 15 kg,    the lengths of the connecting rods are 1 2L L L 16 cm,    and the 

lengths of the throws of the cranks are 1 2R R R 8 cm.    The constant angular velocity of the 

crankshaft is ω 200 rad/s  counterclockwise.  
(i) Determine the X and Y components of the primary shaking force acting on the crankshaft bearing in 
terms of the crank angle θ.  
(ii) Determine the magnitudes and the angular locations of the correcting masses. The correcting masses 
are to be added at a radial distance R 4 cmC   from the axis of the crankshaft. 

(iii) Show on the figure to the right, which corresponds to θ = 30°, the magnitude and the direction of 
the primary shaking force and the locations of the correcting masses. 
 
 

 
 
 

Figure 4. A two-cylinder engine. 


